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it. mmmitm ^ ^ itmtm ^ n-r^Mizm-t^ mmm ic-^m mm 
mmm^tmtr:^itmitm^^^^t-t^mit. Fe, co, Ni, Mn. cr 

, V, Ti, Zr, Mo, Hf, Ta, W, A 1 (Z) V^•m*^®^'fl:^^* i'^li^'ft 
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1 — 5 © V^•rtl*> 1 O lC|H^(D?^^^m^:^^^o 

mmM^m<o^pt^<t.%\i^-fnts^^'kM-t^w-m%\zis5\^xnM<ommK^ 

[»#^ 8 ] 

>(>i-ymizmm^if::^^mAi^xmm^ify^(D>(7iiry^rcU-:f^X'r-^^m 

mm^i^x<D^:ty^r:Li,t^'^X'7^mmMU(Dmmizmiii^. :imim^ 
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0] 

m^mi 1] 
^mityv-mx:^''). 

im^mi 2] 
mm,mmm^m^(Dmi^mmx' ^ o t , 

mmmu<Dmmmm^ i o o o^>^*^rLTje^T<z)^^>s:tjf^^®^f>^< i:=bvN 
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3 H $:#^i:-rS^^«m^^^d^®Sg^^«c 

m^m 1 4 ] 

[0 0 0 1 ] 
[0 0 0 2] 

f^-Y^'r^ 7.9mMMmmU (Hard Disk Drive: HDD) (D-^^Uit^^^ 
i-SfetolC, ^§^^^^^:^^^MV^7tg:^^^^^^^:^^M (Giant MagnetoResista 
ce effect: GMR) K®^^*^jt*b e>tlT V>S„ ^tji^m^mt(Dr=.mz 
ttx J; y il^^^(?)S V-GMR (Spin-Valve Giant Magnetoresistive) /\y K 

[0 0 0 3] 
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mV. i)^^mm^^Jty^y^y^'^J\y:fmmMtrjt^. NOL-SPSV (Nano oxide 
Layer Specular Spin-Valve) J^$:ii^L:t (Kamiguchi et al. "CoFe SPECULA 
R SPIN VALVES WITH A NANO OXIDE LAYER" .Digests of Intermag' 99, DB-01, 19 
99) o TNOLj (Nano Oxide Layer) tmttl^mm(Dmitm^'7 V - mit 

[0 0 04] 
[0 0 0 5] 

[0 0 0 6] 
[0 0 0 7] 

[0 0 0 8] 
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;i/ ^ D -fe 5: M V ^ S V ^ e) # ;^ =b & -5 o 
[0 0 0 9] 

•t^t.^^O'^^ff'tb^ (Ion Beam Oxidation : I BO) „ Ififx:^;!/ 

, MRm^tm^i^nt:^^ AG s ^i&r^-^xht.-^. 

[0 0 10] 
[0 0 1 1] 

iS^^a ^ T'^^*S*® M^ttl*itfefi?;«tiT v% % © (Z), m^fc^ x ;i/ :^e^ 

^ >f ^ X vmf I: li, 1^ x :^ ;i/ ^M^b v % ^ j^^-e li^^J % ® ® , 
*\ OT^^SN o L bT g^l!fl:l^;b^?^^$ tiT ^ e» ^mM.%'^t>r>fz. 

[0 0 12] 
[f§^:6^«i^L/ J; -5 ii-rs^m] 

[0 0 13] 
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[0 0 14] 

;i/zi>. dp-fey /sU^/A, i^U>''h>, -^©^P^jS; < i:^v^•rtl*^ 

[0 0 15] 

[0 0 16] 

TV^^V^, Co, Fe, N i ® VN-rti:«)>®?^tt3g#^M7C*$:-^^'r-& r 
[0 0 17] 

JSATT' ^ S ci f -5 o 

[0 0 18] 

mmmitmtf^it^itm^^^^t-r^mit. Fe. co, Ni. Mn 

, Cr, V, Ti, Zr, Mo, Hf, Ta,W, A 1 (D V^^4^*^<Z)^>ffc:^fe* it 
[0 0 19] 
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[0 0 2 0] 

^^:&i:ncov>T=fo, :^^mitmmKmmvxmm(Dm^t:m^:r.iii)^x^^o 

[0 0 2 1] 

feoT, mmjkx:^mm<D^p^jt<ii^\^^irM^^'^m-t^mm^iz^\>^x-mm<Dm 

[0 0 2 2] 
[0 0 2 3] 

ttflHm^bi^*?^li^^t:#»S:±^^^i:t-SM$:?^^i--5XSl±, ^:t>m 
ic ffria^b!/::^ $:^A b T tuia#:*rx > * X V ^^-r S X@ i: , 
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[0 0 24] 
[0 0 2 5] 

fc'lt T' XV & ^fi^ U T ^ ^> Xv*^^^ U }t i: :i 5 T^^^X 5:#A b 

^^oiz-t^. '^^(D'^'r^ itj?vmitxit, zio\^z)mmit±<rjttf^^r^o 

[0 0 2 6] 

z:3T% mm^iS7.(D-:f^X^o:>^^ij^-^'B-iz^&hr^:iii^mUhr:Lmz. 

[0 0 2 7] 

* tcL. mmmmt. F &, Co, Ni, Mn, Cr,, V, Ti, Zr, Mo, 
Hf, Ta, W, Al(0:}^tj:<t.^\^'rM-'^^ti:it^mnh-t^o 
[0 0 2 8] 

^tc. mmmmite o o^>y$rLrje^TT'feS3hS:#^h-t-5o 

[0 0 2 9] 

ttfiafl-^x©>f^>'S:ffgM-r'5^r^A^5#J5Jl_h6 0#j^ATT'^Szii:$: 
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[0 0 3 0] 

[0 0 3 1] 
[0 0 3 2] 

$ e)lC. tttia>f 5r>tf-A©in^a::T!.;i/df^li 5 O e V^AJiI 5 0 e VJgAT'efe 
[0 0 3 3] 

[0 0 3 4] 
[0 0 3 5] 

^mm^m^"^. im^mhL\.xirmmmm^m\'^t=.hy^)mmmnM^ 
^^«;^:*^cov^T%. :if^nm\t.nmzmm\^xnm(D%^^m^z.t.i)'^x^^. 

[0 0 3 6] 
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mmzmm-B:U(Dmmmm^ i o o o^>y^rtTje^T<^^^;5:t>*Mig©^^^< 

[0 0 3 7] 
[0 0 3 8] 

^^tfimmm^'p. 0m^miii.x^m^mmm^m^^r:L h y:^)mmm.tfL^m 
m■^t^ifK^^\,^x%. :=^mmitmmizmmi^xmm0m^^n^:iiii}^x^^o 

[0 0 3 9] 

ZZX\ mm^iS::^(D>(:tylt. TJUzSy^ Xe, He, Kr, Ne©^I>^< 
i: % v>Tn*^^A*x ® x'^b*^ nflg^ Xv^ic J: y ^^-r -6 r ^ 

[0 0 4 0] 

tr^. &m^y^yO>ia^:i^^)^^ff^5 O e Y&.±1 5 O e VJe^TT'^-SrilS: 
[0 04 1] 

[0 0 4 2] 

. 1 mA/inch^— 1 mA/inch^(Dmmt>^"SmX:S>^Z:t^ff^Wit-t^. 
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[0 0 4 3] 

[0044] 
[0 0 4 5] 

mm<omm<Dmm^ 

xf}^^ m^t^^^^ hx\i^t^<DizMv. :^mmx it't(D:iii tf^'^^-f L^mmx 
rjt<^ :iL:^i^)v^t.mm^ ^i&mzmmt^ z.iitt^m^m^ u t v^ ^ 

[0 0 4 6] 
[0 0 4 7] 

- AS:«$*®^®lcMMt-<2> ^ lc:g]i?)T^^:jy^ $:i?>fb^JC#A-r -5 2l vn i:/ 
[0 0 4 8] 
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[0 0 4 9] 

AO (Ion Assisted Oxidation) „ 

[0 0 5 0] 

ft-rs^gjviid^^v^^ti*. ^ig^^^:ifx©#fcj^^>f 

[0 0 5 1] 

i/'-^yyt.<D^ti^Mt>^^h\,zrj:^a ^® i AOjc j;-5>:/n-fe:^i/->5r>X(D# 

■^mn^ji^. m?Li,t, its® >^^xvM•^^«^<^>^^xvs:R?.i^•r■^>i:v^e) 

^7L:f5l=.f)K :i^mm'X{%r)\ydy^y.etj:E<D^iS:^(D-:r=^x^^mM-t^}i:^ 

[0 0 5 2] 
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[0 0 5 3] 
[0 0 5 4] 

[0 0 5 5] 



[0 0 5 6] 

Ta (2nm) ^^V':^M 

T a o ^mm 

C u (1 n m) 

CoFeNi (2nm) '7U —M 

cu (2. 2nm) 4¥m^^mm 

CoFe (2nm) fcf >M® 
NO L NO L 

CoFe ( 1 nm) tf>MCD 
PtMn(lOnm) Rm^^M 
NiFeCr (5nm) T:«^l^® 
T a ( 3 n m) T:«5I^Ci) 
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[0 0 5 7] 

miit> 2|s:||^feM^C^V^TNOL - S P S Vj^ S:?^^ L 
[0 0 5 8] 

KD>y ^^1 0 4(Z)l$7&\ yi/^ — >iJ^^l 0 6. ^>ffc^l 0 8, 2 0®^ 

^f;i/-7=iKi>'^a 1 o;g:t)f 1 1 2:«)^^ti-?'tiX^>'^;i/:/i o 4 V'-i i 2 v 

h^>:^^T-^$::^bT. ^ 3L-/\ijmm^n^^olztj^^X\^^o 
[0 0 5 9] 

-etlJ!^^<^)^T«)^^i::f^-feX5tfx$:^AL:&v^^^ffi®Wm7&^8 X 1 o~ ^ t o 

r r J: »;*l^KSlC'Bg7£:tlTV>^o n - Fa ^ ^ij: h ^ >^ ^ T -^lcK^7^^ 
[0 0 6 0] 

10, 1 1 2ii. ^.i^yAjizrm^^mx^^^oiz 

it 6 7t&.±<D0'7X.-^^<D^(DX. DC:6'^^:ttiRF:3^^(Z)P VD (Physical V 
apor Deposition) yf^J'^y -St^X^y I BD (Ion Beam Deposition) :XA'y-$l^ 

x%mt>fsi\r^o mnzm^Lr:^^^iz2-z><D:f^^jv^-^tyi/Bym^m^ 

•r. 1 ■o(D:f^'Si?v^:^i^iyHym(D3!^x^x}fyA;\/-:r]l^(DUnmti'^^^)tilim 

*):^VN„ :^mmm(Dmm(DmiZ:iB\>^Xlt. DC'7^:^hUy:^^(D6n.PVDti'^ 

«rig^^ ^;i/5=3j<i;^^^>3>^i 10, 11 2x±mm(Dmi^i:^mht^. 

[0 0 6 1] 
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i?^3 10^:tlill2 T'P VD©3SX7^^y ^ bfe IB D®Ti/X h 

[0 0 6 2] 

"^^i-zNii, PVD:&^®pi^;i/-7'/Ks^'s>a>^i 1 o^fctti 1 2 

fC^^^^n, TaM> NiFeCrM, PtMnM. C o F e M*^^tl^4x^l^ 
[0 0 6 3] 

ZlZl-e, T;%I^ODT a/N i F e C r iCMLTli, Ti, Zr, Hf. W. N 
b^<fctJf^©-^^#3N-^^©-ft&©7^'-/:7TMlC;S;-5MJN-, N i F e C r ©f^t? y 
iCf c c (face centered cubic) m\^^iS:M-t^ty- KS*j3|St'efe o T%)#*) 

. 2mmmmx*ittj^< immmv%mt:>t£\'^. ^nrjtrm^^y'7Tm^. s^-k 

[0 0 6 4] 

Z.<D±Kmm-t^P tMnM CR^m^M) (Di^tDVlZ^ P d P t M n 

mmtLXit. 1 5 nm-V nm^^:«)W* b<, :i(Dmm(Dt£tf^X%RmMn 
J^i:LT<3D#'ffi}«)^#e>n<5jb^^y^J^tilJ^VNt$if^?* LVN„ Zitllt. PtMn 

[0 0 6 5] 

^t=.. :i(D^B^m^mo)±izmm:^n^c o F em (fcf>M®) ®f^t>yic, 

Co, Ni, Fe, NiFe, % L < ii^tie>®#J|8flcM7n^$:M;tfe=fo® 
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n mTfe-So 

[0 0 6 6] 

n^(Z)H^?^'I4l^®±lCC o, CoFe, NiFe, tt^lt^tl^CD^miC^M 
Smii^^mmm-VP tMn(D±izmf^^tlt^C o F e 1 nmill^ilJ&^gigS::^ 

[0 0 6 7] 

&.±mmLr^mm±mm^m-m.Lr^mi. ±m (i) -eNOL (Nano oxide Lay 

tt, F e 5 Q C o 5 Q nm^ML^o rrT% m-fbl^-^^txli TnoLj 

mts'^^^^mm^^^r^—m.mwx:fij}Lhx. tnolj ©f^^^ytc ri^^^ 

[0 0 6 8] 

^^nhtammx&^x. m^m.trim^m'^^izwuf^tiizyT.m^t.Lx^m 

[0 0 6 9] 

o®#^#i:LT. ^pf£< t^Co. Fe. N i © 3o®-9t>(Z) 1 tD^^tt^MTt: 
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Mn, Cr, V^-^*^. -^nhMU^MOfplZB . Ti, Zr, Mo, Hf, T 
a, w, A 1 $:'^^l?v^-5=b(Z)=foMv^^z:il*^•^?#Sc 

[0 0 7 0] 

V^„ *||^gMT'MV^feF e 5 Q C o 5 Q $:«>H-lCU:feNOLli, ^lCi«E^-5 J: 
g Q F e ^ QX'\i]§it^f^m%ijy-:^VZy'!fltm^tl^Ji^^o Cog^Fe^Q^rffl 

it. 2^^WlC«fc-5 I AO$:MV^, NOL(Z)#*JilL/TFe 5 qCo 5Q$:mv>fe 
[00 7 1] 

[0 0 7 2] 

■fe. ^-ffc^lOSli, ^jr^^^r • Jjf^y^&ifO^f^^K^yi 0 8 AJCJ; UMffi^ 

li/ai-ZN^rSttt-SJiN;!/^ l 0 8 B, i/^ -/ 1 0 8 C 

SM^:j!/x^A^i 0 8 Ei:, 'i^ymizi^::^^mA-t^^:tym:^:^mA^l 

0 8 Fi:, m^tmzr^\y:dyisy^^mA-t^r}v:^ymx^i o s Gtttmi-^^ 

08H, 1081, 1 0 8 J 
[0 0 7 3] 

I AO^n-fe;?.$:ee>^'fb^i 0 B<DX>t^(D!^mit. mmiS::^mA^i 0 8 
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K, n^^Vy}^. s r a nd -if Vv \^^m-t^^ $e>Jc, ( + ) icf^ 

iSTsUVX. ZLZXltyjVzJy (t;1/=J>) :*•;^S:Mv^S#-^$:M^b;t*^ # 
itf:P^X$>niit, Xe, He, Ne, K r ^<7):;Jf X 5:M V^T %^t>^V^o 
[0 0 7 4] 

M2^C^V^T^i, M^®lC-f>r>Vf-AS:Sll: (9 0° ) lCAM$i±<5> 

[0 0 7 5] 

[0 0 7 6] 

[0 0 7 7] 
[0 0 7 8] 

[0 0 7 9] 

mz. XT^^y 1 0 2 ^cfev^T, ^x.'-/\^mitmzmm'r^o 

[0 0 8 0] 



1 9 
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[0 0 8 1 ] 

1 0 8 etc j:oTM*5tlTV^Sfe«), -f :r>i^l 0 8 D feiJcffl$ tlS^^^ :t 

o 

[0 0 8 2] 

i^miziii. >(ytymi 0 8D(0>(yi-y\^-M.if^m^<D^^X^&Lr^^mx. iy 

^^y$t- 1 0 8c^Wf^. mm^ytyy^-2^f)'^mM^n^:r.iiK^i). "^oi- 

[0 0 8 3] 

^bT, m^<Dmm^:tymM^mmiyr:^^. x^^^y^^s i o 5ic^vat. 

>Y ^> ^ - 1 0 8 C ?: W DT^<bl^<Z)?^^$:#lh-t-5o 
[0 0 8 4] 

7j?cic. :;^S 1 0 6 ^^fs^i 0 8 $::f^•feX:^X5b^:&v^^^(Z) 

1^ C^r- ^- < e> ^ T'^^f-So 
[0 0 8 5] 

X7=-^y/S 1 0 7 ^CfeV^T, '>a:-/\$:PVD*feld:I BD^if®;^ 
^;i/7^;i<i;s:/3 ;^7^^y :/S l O 8 ^C^V^T. CoFe/Cu/C 

o F e N i /C uC0±M<i«)^MM^^ll-t'5o 
[0 0 8 6] 
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»; Ji^T' s^^m-fbn^?^^ LT b ^ o o 

[0 0 8 7] 

$e>tc, >?>5^^y3^S 1 0 5^c^v^T^/^^y ^ 1 0 8 C 5:591:^;^^%). ^-ft^ 1 
[0 0 8 8] 

[0 0 8 9] 
[0 0 9 0] 

[0 0 9 1 ] 
[0 0 9 2] 

S= Zl©i:^jJ^;i/^J^ 1 0 8 BlC«tt$:tl7^'i7 3i-yMi, ^f- 1 0 8CICJ: 

i^^^t.t>*J7h^x<^r}v:^yitsy^K^tm^tl&^t^ztJt^^ roomPg 

o 

[0 0 9 3] 



2 1 
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[0 0 9 4] 

^^y ^- 1 0 SC^m^-f. Z.tiilm^hXmm:ff:^mX^ 1 0 8 E:^^e>^^:^X 

^yifit^±iz-m-t^'Z-mitf^^^tt'^> mmmAif^^izrjt^m^x^. v^v^. 

3 o#jeJli^i:-rs:ii:*'5M^ b<, 1 5#JSi^i^h-recii:*^$ ^lcM*bv>. 

[0 0 9 5] 

mz^^xmm(D3L:^)v^^^^&ztnz^,i)mitm<Dmmi^^mt^ ^rvT. 

[0 0 9 6] 
[0 0 9 7] 

^1. >r;r>tf-A<^^# 



2 2 
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tf-Ax:^;i/^ :50~150eV 

: 0. 1 '-I mA/ i n c h ^ 

# - A IT ;i/ dS? t) An^«JBE ttMM'e ^ S c 
[0 0 9 8] 

[0 0 9 9] 

0 5 (a) lCM^UfeJ:e)lC, ;&^Mx:^;I/^3^)^<SV^#'^^Ctt, T ;i/ if > -f > 
[0 10 0] 

H5 (b) {cMatbfcj:^ic. ism:^^)\^^ff^Mm^ji±^-^(om^K\t^ mm 

m=fO^^^ & «?lfr -5 z: ^ ;«)^T' ^ , mm H (DRJ^^ S: InJJt ^ its r *^ oTtg hi ^ 
[0101] 

:i<Dm^^j^^^y(DiM^=i^^)v^<Dmmtni2 5 o — i s o e vT?fey, a o 



2 3 
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- Mi 1 - 1 0 A/m i n*t?feSo 
[0 10 2] 

mm(Dmm j:y%jiv%o*^^<^y^=fo^ %m^mt)^m^ $ ti < s is u 

[0 10 3] 

MM^^li. s^-SrS-JSAW^it-sr i::^)>M* L<. l O^- 1 i^-Jg^p^t-t-sr 
[0 10 4] 

2fi:||JgMlCi3V>Tli> *DMni:^!>;V=at:i 0 0 e V, >^^X x'R F At? - 5 0 W. 
[0 10 5] 

zzx\ mm^mmcDmnmit. ^mzi&mm&t.Lr=.. T;i/^r>:**x*^^fb 

^1 0 8^Cfi6^C#A$tlTV^§:t^ffi:&:t«b, mm^J^^ > ^ ^ (IL 
= ixi0~^torr - sec) 1*"^^ ;&V^:!b^ T;i/^r>:ifX:6'5#AS tlT v\ 

>?)^f e r r oji@-^T'tt^< J:<^V^„ 
[0 10 6] 
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J^-^Sr^-BrS^-^Cli 1 0 0 0 LJetT-e^-S -il^^M^ bV^„ 3(Z) J: ^ 
[0 1 0 7] 

[0108] 

JS)l Ji, 0 3 (Z) X 5^ »y S 4 ic 05 b T L o 
[0 10 9] 

S 5^cJ3V^T^/^^y^- 1 0 8C?:i5D> ::^©#^$&5:f?iLt- -Sc roi:^ 

mmisx(om^(^it. i/^^y^-^m\:^xti'b(pfjt<t%3 omMizw±-t^^ 

ilijmthK. 1 5fP&smzWit-t^:r.ti>'^^^Kmt.l^\>^o 

[0 110] 

rti,fciii§6tc. t/-7^y9-^m\:'^mizmm^x(D^.m^w±-t^^titmt. 



2 5 



aill# 2001-3065004 



#2 000 — 269099 



^U-Mi:bTCo F eN i §:fflVNfc©li, C o F e /N i F e 
V -m^ U%l«MR^'fl:^*^#f>tlS*>e>"T?feS„ C o F e ICN i §:1gC*^iDf 

sri:ic<fcoT. ^#^Co F e <fc y *j{S?^lii:<SH c*^||3^T'^§c yv-m 

«SSl^#$:<S^$-&-5> Zlh*^T'^So m^lil nm-S n mg^;bW* b Vn„ 
[0 116] 

e/'i/3>^ (P VD^^feli I B D^) T'^mLtOt), tf>MNO L ill^^lC 

JCj;y^mbT=foa:Vv„ TaO-t?li;&<, T;i/^-'?Am»> F e ^^fc 

[0 117] 

y'U-MMNOLii^ST aOMS:?^^b:t^ii, ;^ ^ 3 >^ (P 

[0 118] 

-SrfcA^T'^S, r^T% #MlC#bfcfS[^«MJS (nm) $:^1-„ 
[0 119] 

S«/T a 3/N i F e C r 3 /P t Mn 1 0/C o F e 1 . 5/ 
RuO, 9/CoFeO. 5/NOL-pinl. 5/CoFe2/ 



2 7 
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Cu2/CoFeNil. 5 /C u 1 /N O L - f r e e 1 . 5/Tal 
ZlZll?, NO L- p i nttM;^li F e C o^MT'feU, NOL-freeli 

t>:&V^. Rui:NOLCDr^©Co F e 0. 5nmli, Hl^lClM'ffcS tlT 

[0 12 0] 

l^>7t;^>rMl?$>oT=fe;J:V^o *Mfcr>«at-e=fo, Sy-AF« 

[0121] 

o 

[0 12 2] 

S^/T a 3/N i F e C r 3/NO L- f r e e 1 . 5/Cul/ 
C o F e N i 2/C u 2/C o F e 2/NO L- p i n 1 . 5/ 
CoFe 1/PtMnl 0/T a 3 

S y-AF=^Ji©^-^{ctt. J^i^T®^M^5i$:Plfezii:*^T'^&o 

[0 12 3] 

^^/T a 3/N i F e C r 3/NO L- f r e e 1 . 5/Cul/ 
C o F e N i 2/C u 2/C o F e 2 /NO L- p i n 1 . 5/ 
CoFeO. 5/RuO. 9/CoFel. 5/PtMnlO/Ta3 



ffitl# 2001-3065004 



000 — 269099 



[0 12 4] 

>r ;r > ^ JC ^ ^ ^ ^ A -r S # © n -fe X >> - >5r > X I c SB -r -5 =fe ® s c 

[0 12 5] 
[0 12 6] 
[0 12 7] 

®6;s:t>'0 7{covNT«, m2^m4:izmhxm^i^t=.^<Dtm^<omMizit 
m-<Dm^^iihxmm^mmitmvi^-t^. 

[0 12 8] 

E6lc^b:fe<J:e>lc, ^^HMMlc^Sl-t-SM^l 0 8 li, ^:^ymi 0 8Dlz 
[0 12 9] 

[0 13 0] 
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[0 13 1] 

^5!j*XS:>f:t>^a 0 8 D^c^A■rtl^^J;v^„ 

[0 13 2] 
[0 13 3] 

^ii7.>(yity<D rrt/Xh^^j JLo#^m^{c<fcS g^lJ^m 

[0 13 4] 

mv> <D^^\z'D\^x^mmxn^. 

[0 13 5] 

iz'^y'^ ijjvx^x-^mizmx-^Mc.mmisxf)'^. ^^y/^-^mmhxmm:m 
izmv. -rjtJ^mmitm^mmi^xi^^o. :^mmiz2:^m^iy-^y 

[0 13 6] 

3 0 ffilE# 2001-3065004 



#2000—269099 



[0 13 7] 
[0 13 8] 

[0 13 9] 
[0 14 0] 
[0141] 
[0 14 2] 

S8JC^L^<fce)lc, *^JgMlcfel-tS^>fb^l 0 8li, MStb}t>r:r>^$: 

«^i 0 auiz^^xmitm.i^mx-^^X'^-fy^^m.^n^o mit^i o 8icm^ 

1 0 8 E ii^:ij'7.mA^ 10 8 GTb^ggS^^ti, #:tfX-^tf^^XvS:^fia 



3 1 



ajSE# 2001-3065004 



#2 000 — 269099 



[0 14 3] 
[0 14 4] 

rtilC^fUT, 2j:^i6MlC^V%Tl±, ^^^r^A-f-S^-f 5>i5^$:miS-r-5r 
[0 14 5] 

:R#:6?rJCld:, ® 9 IcM^bit I AO®e/-^^>xS:Mv^tl^iJ;V^, I A 

S4ClCfeVNT, ^m:jyx$:m'ft:^l 0 8lC#A-r-&o 
[0 14 6] 

[0 14 7] 

^(D^mxmmis:^^mwzmA-t^:r.inz^^x. mit-t^. mmmAmiz. 
mm-:^^ x-^^^^-t^^mxi^&omm^m^tmzm At ^'^^mti^^ji^\ 

[0 14 8] 

-fi^ic, >^^Xv5:«^-t'5NpJCtt, mmmzizA(DitS:K^mALX&iJ^± 



3 2 
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#2000—269099 



1 5: tJf m 2 ^ifeM h l^a T' S o 
[0 14 9] 

i^^lcHJg-r S r i: jb^T ^ S o 
[0 15 0] 

S V ^ ttH 3 ^SSM ^fg ^ =fe c?) ^ e o 

[0 15 1] 

mi o~mi 2«. ^^igM®^^#Am®Sfi^M5:*-rm^®i?^^o 

[0 15 2] 
[0 15 3] 

V> r =fo '^z X - /M^T'm^*0:$^^*^^ C VN J: e) JCX^-r -Sifi^M^^^^S) <& 
[0 15 4] 

zitiic^bT. s 1 o^c^bfeA^M^csv^T^i> 2 2|s:(7)^m^A^ i o s e 
1S^m^^ty>X\^^. 3(7) J; -Pic, 2 2|s:a±®#A^ 1 0 8 E^^e>#A•t'5 



3 3 
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i^2000 — 269099 



[0 15 5] 

^j^^^r^A^e^ S <fc -3 tc bT % J: v^„ 
[0 15 6] 

mi2.\i. ^i^#Ami 0 8 E®3fe^tc^>f :7n-if 1 0 8 p$:Sgi-t:fe 

:R^*tM$:^-f-*^:i;0-e*>So 5=^^- >'rL-if 1 0 8 Ptt, mitmi 0 8<Dpimizm 

*^»;. ^iS[®Mmi«mPl 0 8QS:^-t-So 2tcM^MlCi;tllf, m^t^l 0 8^ 
cr)#Ali#l?T'=fov v^-Y y'rL— 9*1 0 8 P SragJ^S 3 il IC i: y ^^&*^-lC*£tfc 

^|gC® ^ A^(Z) ^ 4x -^tl ® $fc^{C^ It T % a V ^<. 
[0 15 7] 

[0 15 8] 

(m 5 ©iisgM) 

^'fl:AGs = 7. 6mQ~ MR^ib^l 5. 6 %, S/- h^^R s = 1 5 . 
6Q, H„ ^ ^ ^ ^ ^ = 5 0 0 O e il, *#il^lC 4: o b < #tt*^rnl± L 

u. a. 

:R:^*S^I?HCtt, GMR^:^(3D7j<7^>S/-v;i/$:jtl5fc'r'5 AG s <Z):^i|ii;&l6l_hfc, NO 
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[0 15 9] 

mis (a) It. m^t^^mx-t ^mmAum 2>nr^i<ioh- sp sw<D. AG 
^*s.=Lr (L) x-miy. mmit. #e>ti:feNOL-spsvm©i/-h3>^*^ 

>y^mt AG s ^m-t. ZLZLX'. i/-h::2y^^^y^mtAG s=G s 
x~^^min :i:r.x. Gs^^^it. ifym(DyV-m(Dm^t 

if^^n^m^(Di/-'h:=ty^^^y7.X':^i). G s^^ ^it\fymt^V-m(D 

mtAG sf}^iz^\>^iaiif. MR^^b3b^:^#<5&:<5o 
[0 16 0] 

^t=.. 013 (a) icfev>T riAoj iimvr:L^(oit^^m<D:^mzxi)m 

2 7 OX^lZ-jSVt^m^M^ 1 (1 H) , 1 Omm ( l O H) feSV^^i3 0^ 

^ (3 OH) JfeLTto 
[0161] 

mis (a) 75)^e>fc*^^<fce)ic. #M^*7n-(D%)®'eii, rnxmrnM^^ 
l?^^v^„ ^fe, AG stimmmiz^ijm^pL. mmz:^^&x$>^. zmit. 

MS (secondary ion mass spectroscopy: 2?)i,-i yi'yM.A-^^) VZ.^^^zf'T. 
, AG s ^i^^$:#Ab^V^%<Z)<t y t;*^;^oT^£Tt'•g>MlnI*^•eTV^-5, rtl 

[0 16 2] 

■tizLfci^^^x. AG siS^-K^i\:t^z.ii^rA<T§Mm\zm-m\^x^^}. 
X^\mmmzis\^X%. ^^L:t^^«:^^bM*^?^^StiTV%S-ii^5^bT 
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^%(D(D. mmir^mmzmitmzmx-^nx\f^^ illicit. -i-Az/yvT.vayt^ 

- j^im^bM i: j& o T L * ^ CD -e J: < J& V>o 
[0 16 3] 

El 3*^e):$)-:«)^'5<fc -^ic, 2|s:^^(Z) I AO>''^■feX$:fflv^Jt#^^c^iA 
G s ®ltl^1£l±imfeT^<. 2 7 0X:iC^VNT3 O^^0|^^SS:igbfe^-e=b 

AG s <Z)^Mbii^«?)?)ti^VAo #M^^>'n-®=fo<Z)i:ii*fMfi^^^:^ 

[0 16 4] 

®13 (b) li. I AOIC J:-5{g^^4®^#-t?J^^Li/^:^tf>7NVb:/^^tC 

^VAT, iEM^^#;^IBI^c^^#^miIIbT#?3 4^-&i>- (Rs) (h 

) m'&.^m.-t. 

[0 1 6 5] 

~ ^fe, SI 3 (c) li, I AO{C j:S1^^^4CD^#■eJ^^byc^^^C^3V^T 
, iE^?^#:&lBltc?^#§:minbT#^ti-5R s -H^-ffi^r^b, 013 (d) \% 

s -H#ttS:^-ro 
[0 1 6 6] 

Z.t\.h<K>m-m^^fS'^^fS'^^'^\Z^ I AOlCj;S<£^^»®^#T'tt, NO 
L ^:;Myife±T«)fcr>Mlif err o fi^lCtf ^^^bT V^S(D^C^ 6 0 0 L 
J: U %lSM^*©^#-eiif err o6«>-e=b:fe< antiferr oe<J-e=fe>:^V^ 

[0 1 6 7] 
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N O L0DM^5:T EM (transmission electron microcscopy : jgjgMS^M^ 
[0168] 

ti^7)v:3y(Dm^mmt. _hT®tf>jiPi> p 2ic-^*nsr;i/=r>©M^ 

%ii-t^t. N o L icii 2 M^%Jei^J:® t;1/ y tf^^m S tvT va s o 
[0 16 9] 

^3l©#^'e^ofeo rtl/li, |^ffiTEM®EDX (energy dispersive x-ray 
spectroscopy) :$^^^{Cj;oT, ^iS::^<Dm<D^^^m^-^^ :r.iltf^'V^^o 
[0 17 0] 

#v^i:v^^ri:3b'?#^f ?>ti<5o miz^ Co. Fe, n i :«)^^mfcM-^bTVA;&v> 

^^T#^E-f So rtlli, EXAF S (Extended X-ray Absorption Fine Sruct 
ure) lcJ:S:$>«TtC cfcoTSi^Stlfeo 4tJC, F e liMffc^ffiT*>S®lC^b, 
NOLflaiCfig]^b:tF e 5 0 C o 5 q VnT C o ®^^JS^_h*^^M*^Mlc;&o 

J|s^ ^ S z: ^ ic H b T V ^ s 

[0171] 

■ox\^^^tmmz. mmmmjiifizm^m^Ri'i-ti^i^i^nmmm^mmvxm 
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#2 0 0 0- 



2 6 9 0 9 8 



iC^m ^ b T V> V ^^^tt^M7t;^7b^#^1- S 3 i: T% ?^^«i5i^^ lolJiM 5: 
:^L:t_hT®tf>MP 1, P 2 ©a^6^lc*g^*^^^>fb-rs. 
[0 17 2] 

NOL®Mj¥*^^V^^-^^C|5goT f e r r oSg•a■LTV^S®tt, WM^Jt 
:^ij-X2^lt^m-^f}\ N O L ttilC#^Ei-S^MC o M^-li^^^*ga*^MT'# 

^v^^-^^c^iJlT©^s^4^f>MP 1, p 2i)-^^(D^mmmm^t)m^. nol 

1 nm—S nm^^Mt b<. 1 ~ 2 n m-e$>S 3 i:*'?^ tCMt L/Vn. j^S, 33 
[0173] 

[0 17 4] 
[0 17 5] 

;*:||JgM<Z)J:e)^NOL^7()U nm'-3 nmglt^^-^fcmej-r. NO 
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ffilE# 2001-30 65004 



0 0 0 



O R Q n Q Q 

£_l W W >-/ w 



z. N O L S::^ b JiT© tr ^ S 

L<liF eCo $:«$^i:L.fcNOL•r^-5ri:Jb^M*LV^„ 
[0 17 6] 
(H 6 CO^JfeM) 

[0 17 7] 

HI 6 Id:, z(D^o^M%mmmm(Dmv^mm^mB-t^m3mumx:^^o 

[0 17 8] 

m^'f^:^i^ 2 0 0:&^|il^i-Si:, Fx^>f ^JTi 5 3(D^#:M|bI® (AB 
S) It^^y^^f 2 0 0®^M*^^m^®#±*$:=boT^i^$tlSo 
[0179] 
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4t2 0 0 0 



— o c Q n Q Q 

^ \J \J \J ^ XJ 



•r-&r^^a.n:-^T-A 1 5 5©— ^^cg^i^$nTv^-5c T^^^x-^r- 

A 1 5 5(Z)<a^icii, U-T^-^5f®— ST'^-&jK>f :;^i2-f i 5 6*^18 

^te>4^TV^-5o /K>f >?.=l>r;i/^-^ 1 5 6 li, T^^^Ji-^r-Al 5 5(DJ}< 

-So 

[0 18 0] 

r^^=L:ii~9r-2^ 1 5 5tt, H^ffli 5 7(D±T2mmizmv^^tit:Lmm 

i {C T' ^ S J; -5 ic ;^ o T V ^ -5 „ 
[0181] 

HI 7 li, TiJ7^^x-^T~A 1 5 5:6^^>5fe©^^^/^^y KTt>>^y 5:7= 

5 1 r^^rLOQ-^T-A 1 5 5 ®— ^lCtt-9-X^>i/ 3 > 1 5 4 

[0 18 2] 

-9-X/<>S/3> 1 5 4®5fe^tCl±, EIi;3rMEIl 5 iCKbTta^bfcVA-rtlA^ 
®^^Sm^^^^S:Mv^:/^#^M^^^'\^y F$:A#-re^«y Fx^-T^l 5 3 

5 4li##®»^5i*iJ3<l:?>'ig*^^UMc?)U- rai 6 4 $:/tL/. 3(Z)U~F$i( 

g^^^nrvASc 0cfil 6 5tt?^^^>y FT^y-fe>-/U 1 eooDttMA^yF-efe 
-5 = 

[0 18 3] 

rrr-, Fx^-f ^1 5 3<Dmi^M\^m (AB S) ill^^T^W-X^ 2 0 0 

[0184] 



4 0 



ffi|iE# 2 001-3065004 



^9 n a n 



— 2 6 9 0 9 9 



ga^ $ ti ^/JN?^ ^tf^hCD m-^ ^ T- ^ S ® T% h ^ »y ^ tf >y 5^ ^/h L T , 
b2#^^ S: |nl± ^ -5 r i: Tb^-e ^ S o 
[0 18 5] 

Fl 0 i:?^^^-^ 2 0 0 il(Di;'^^yt/zL<Dmm%MUX^^<:^Ji^o 
[0 18 6] 

^<Dt^)b. mm.^^y Fl Ot.m%'r^7.^ 2 0 0 i:^3§e}C«^fi5JC@^MS1±T 
[0 18 7] 

018 (b) z.(D:^orj^ mmM=sm\ (D^v\^7.'^^^i^ziim%'r 

f*ii:CD^M®lCDLC (Diamond-Like-Carbon) Mmm^Jt E ^WL^ ^ :n t\Z ^) 

rg^M^ffMj (DT.^^ ^\zmm-t^z.}Lis^»imx-^^. '^-dx. mi 8 (b) 

[0 18 8] 
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/tfe o n n r\ 

q V| £^ V/ V/ w 



O R Q n Q Q 

<_l W W WW 



[0189] 
[0190] 

[0191] 

[f§^®^^] 

[0 19 2] 

101] 

3^i:^^®lll|g^gM^c^v^TNOL - s p sym^mm.vt:i^miyy^9-2^(Dm 
m^m-tnmmx':^a. 

[02] 

2fc ^ ^ ® ^ b □ -fe :^ t>* ^ ® tu ^ ® y n ir ;^ ® - >!r > X S: ^ -r :7 n - ^ ^ 
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^9 0 0 0 



— 9 R Q n Q Q 



[H4] 
[05] 
[06] 
[07] 

[08] 

[09] 

0 8 ©^f fc^ ffl v^ T ^ig-r -5 Mfb n -fe :^ ® ^ -^r > X ^r^f :7 D ^ - 

[010] 

:*:^^9c?)^4^jfeM®^m#A^®«f!^MS:^-r«^0'e^Sc 
[011] 

[012] 
[013] 

3^l&^<z)m 5^^6M^c^v^Tm^b^^^A•r'g>^^Si:^ie>tlfcN o l - s p 

S V(Z)AG s 5:^1-^*^:7 0, ^Xfiy- h^^R s (Z)^^*^*"^^ 

^707?fe§o 
[014] 
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2fi:^ W J: U 7\° :7 7^ - V > X ti <5 7^ © N o L 5: ^-r «S£;it 

[015] 

[01 6] 
[017] 

[018] 

^ 2 0 0 tcomm^m-tn^m-v:^^. (b) rg^M^ffMj <D 

[i^#©^^] 

10 0 ^Mi/XT^A 

10 4 n — Kn »y 
10 6 -fu^v 
10 8 

1 0 8 A mn.^yzf 

1 0 8 B 

108C i/^vSit — 

1 0 8 D >Cytz/m 

1 0 8 E mmmx^ 

110, 112 ^ ^;i/"5^7Kt^'i/3 >^ 
15 0 ^^^IB^W^^M 

15 2 ;^tf > K;b 

15 3 K:^^^^^ 



2001-3065004 



#2 000—269099 



15 4 -9-X^>i/a > 

155 r!;^=L:iL-iiy-i^ 

15 6 /K^:^3>r;i'^-^ 

160 m%^^y \^r^y':f^) 
2 0 0 m^mm^^:^^^ 
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I ^ :t > t' - A ^ BS ( -> - Pi ) 
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[07] 



S1 



S2 



S3 



-S4B 



S5 



S6 



•S7 



S8 
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[017] 



160 




164 
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[018] 
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154 ^X^>'ya > 



-10 



T 



200 mmm» 



(b) 




154 nT.'O ya > 



.10 



T 



200 



2001-3065004 



#2000—269099 

mm] 

^m^tm^mA-t^ :i h jc J: o T . i&mmm. l fj^mm l ^ v^ i: ^ x-coumit 



1 



2001-3065004 



#2 0 0 0-269099 



m m A m m m m 



mm^-^ C000003078] 

1 . ^m^M B 1990^ 8H22H 

2 . ^M^B B 2001^ 7M 2H 



1 



ffitiE# 2001-3065004 



us 0994407503P1 







Creation date: 09-11-2004 
Indexing Officer: IVITSEGABRHAM 
Team: OIPEBackFllelndexing 
Dossier: 09944075 



MEAREG TSEGABRHAIVI 



Legal Date: 01-02-2002 



No. 


Doccode 


Number of pages 


1 


IDS 


3 


2 


NPL 


10 


3 


NPL 


2 


4 


NPL 


50 


5 


NPL 


1 



Total number of pages: 66 
Remarks; 



Order of re-scan issued on 



